SECTION 8
COMPUTER MODEL FOR HYDROLOGIC DESIGN

The model developed in this project provides a comprehensive analysis of flow
and storage in porous pavements. Although the model is not very complex, limited
tests indicate that it can adequately quantify the hydrologic responses of a porous
pavement. Also, the effects of different pavement characteristics can be evalu-
ated. This allows for the investigation of various porous pavement systems to
determine the optimum system, particularly during planning phases of a project.

The hydrologic responses of a porous pavement may be simulated by a system
of hydraulically connected control volumes for which the inflows and outflows are
mathematically defined. The porous pavement, the base and the natural ground (or
the drain system) are considered to be sequential but internally independent storage
reservoirs.

The basic equation of continuity of conservation of mass is applied to each
reservoir:

ds
Jr = 1-0

where

inflow into the reservoir

0 = - outflow from the reservoir
ds h .
gt = changein storage volume

Inflows to the Porous Pavement System

As shown in Fig. 3, the porous pavement area would serve to control runoff
from contributing impervious areas. Therefore, inflow to the porous pavement
system, RUNOFF, is defined as:

RUNOFF = PAV + HYD

where:

PAV = direct rainfall onto the porous pavement
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HYD = surface runoff hydrograph from contributing areas

Conftributing areas to the porous pavement will generally be developed and imper-
vious in nature. Consequently, the surface runoff hydrograph from contributing
areas is determined by use of the method developed by lzzard (18). This method,
selected for its programming ease, utilizes a dimensionless hydrograph from paved
areas as shown in Fig. 4. The key parameters in this method are time to
equilibrium, t_; equilibrium flow, q_; equilibrium surface detention volume, V_; the
intensity of rdinfall, i; and the leng?h of overland flow, L. The following equdtions
define these parameters:

_wil
9e = 33200
where:
9. = equilibrium flow, cfs
i = rainfall infensi’ry,‘ inches per hour
L = length of overland flow, feet
w = width of overland flow, feet.
v . K LI.33 i0.33
e’ 35.1
where:
Ve = equilibrium surface detention volume, cu. ft.
k = an empirically derived, lumped coefficient for the effects of
slope and flow retardance of the pavement
t = Ve
e” 30 q.
Te = time to equilibrium, minutes

Using t/t_ values based on the computation interval and Fig. 4, the q/q_ values
and the corresponding q values are determined for the rising limb of the hydr%graph.

The B factor, defined as
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B=—y
o
where
t, = time after rainfall has ceased, minutes
Vo = equivalent to Ve without the rainfall intensity component, cu.

ft.

is used to determine the q/qe and corresponding q values for the recession limb of
the hydrograph.

If the duration of rainfall is greater than the time required to reach flow

equilibrium, (’re <f<fc), then the q/qe value remains at a constant value of 0.97 until
f .

a

The rainfall hyetograph is input as average. intensity per hour for all intervals
during which rainfall occurs, Runoff hydrographs are computed for each interval,
successively, and summed to determine the cumulative storm hydrograph from
contributory areas to the porous pavement. The inflow hydrograph is converted to
units of depth based on the area of the porous pavement and computation interval.
The rainfall depth onto the porous pavement, PAV, is added to surface runoff depth,
HYD, to determine RUNOFF. An alternative user optional input table of RUNOFF
depths per computation interval may aiso be utilized. This option is useful in those
instances where storm hydrograph data are available from observation or computed
by other methods.

- Outflows from the Porous Pavement System

As considered in this model, the outflows from the porous pavement system
are composed of four outflow functions defined as follows:

OTOTAL = OVERT + OHOR + OSURF + OEVAP

OVERT is the vertical seepage into the pavement, base, or ground. This seepage is
determined as the difference in surface water depth at the beginning and end of

each time interval. The variable head permeability equation as defined by
Taylor (19) is:

al f El
AAt °9h2

K=23
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where:

K = permeability of flow element, ft/sec
a = cross-sectional area of surface water, sq ft
A = cross-sectional area of flow element, sq ft

= thickness of flow element, ft
hl = depth of surface water at time t, ft
h2 = depth of surface water at time ty =1 + At ft
These parameters are graphically depicted in Fig. 3.

In a porous pavement system, the cross-sectional areas of surface water and flow
elements are always equal, and so the equation is reduced to:

L oognt
At h2

K=23

This equation may be rearranged to solve for h2 as follows:

h|
hy = —=
2 IOE
where
KAt
E=530

Then, vertical seepage is equal to the change in water depth during At or,

OVERT = hI - h2

OHOR is the lateral outflow to a drain or into the natural ground as a result of
water storage in the base and pavement. This condition is analogous to bank
recharge from a rising stream. In most porous pavement systems, lateral outflow
will be negligible because OVERT > OHOR. However if this condition is not met as
in Class C or D soils, then OHOR may be a significant factor. For a homogenous
isotropic aquifer of finite width, the influence of each increment of rise in the
stream is determined by the following set of equations (20):
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h(0,1) = 0 for t < 0

h(0,t) = AH. for t>0

L _
dx -
h(x,0) = 0
where
h = hydraulic head or water depth, ft
X = distance from boundary, ft
S = coefficient of storage of aquifer

= aquifer transmissivity, cfs/ft
AH, = change in water depth at boundary, ft
+ distance to impermeable boundary or discharge point, ft.

AHi is the increase in stored water depth as a result of vertical drainage from
an upper storage volume (previous OVERT). If AH. is negative (after inflow has
ceased) water will drain back into the storage volume from the surrounding natural
ground. [f AHi is 0 then OHOR = 0.

Integrate the first equation and apply boundary conditions to get:

dh _
dx ~

dh

d—fx

—jl N

The Darcy flow equation can be extended by continuity to define net flow rate as
follows:
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where:
= velocity of flow, ft/sec

= permeability of flow element, ft/sec

g—h)z = change in hydraulic grade, ft/ft
Q = fdfal mross flow rate, cfs
A = total flow areq, sq. ft.
h = depth of flow, ft.
w = width of flow, ft.
= flow rate per unit width, cfs/ft
T = transmissivity of flow element, cfs/ft

Then by substitution:

S dh
a=T3 §x=5§x
define:
hy -h
dh | 2 “
ar = At for x~ 1.0 ft

and S is the storage coefficient of the natural ground. At a distance x from the
porous pavement boundary, the discharge per unit width is defined as:
h, -h

Because the volume of flow remaining is the only item of interest, the value of x
was arbitrarily set equal to 1.0. Then, lateral outflow,

hl-hz
OHOR = gqP At=5( At ) P At
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where:
P = pavement perimeter, ft.

Figure 3 shows how these parameters apply to porous pavement areas. OSURF is
the surface runoff resulting from ponding on top of the porous navement, which
occurs either because the inflow rate is greater than the porous pavement
permeability or the total storage capacity in the porous pavement system is
exceeded. The model requires a depth-storage relationship to determine when the
storage is exceeded. On a horizontal pavement, the model determines the depth-
storage relationship by use of input pavement and base depths and porosities; on a

sloping pavement, this relationship has to be independently computed and input to
the model.

The surface runoff from a horizontal pavement is defined by the weir
equation:

OSURF = CLH!*3

where:
C = input weir coefficient
L = input weir length, ft,
H = h- ho, ft.
hO = depth of dead surface storage on the porous pavement, ft.
h = depth of flow on the porous pavement, ft.

On a sloping porous pavement, Manning's Equation is used to determine the surface
runoff:

OSURF = yL 1486 1.3 0.5

where:
y = computed depth of flow, ft.
t = width of flow, ft.
n = input roughness coefficient

~ input energy slope, ft/ft

[7.]
i}
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OEVAP is the volume of water lost to evaporation. This water loss is computed
during and after a storm if water remains on the surface i.e. the pavement is
flooded. Although the loss during a storm may be negligible, ponded surface water
loss after a storm may be significant particularly in arid climates.

Either monthly, weekly or daily evaporation rates may be input to the model;
the monthly and weekly rates are divided into average daily rates. The daily
evaporation rate may be increased by an input ratio to allow for heat absorption by
the dark asphalt. The model only allows for evaporation from 6 a.m. to 8 p.m., with
the maximum rate at 2 p.m. As shown in Fig. 5, a triangular distribution of
evaporation is developed by the model by use of the equation:

£ o
p -~ 7
where:
Ep = peak evaporation rate, in/hr
Ef = total daily evaporation, in
for0<tci6, E=0
t. - 6
for 6 <t_< 4, E:Ep( 5
20 - te
for 14<1c_§_20, E:Ep( 3 )
for20<Tc_§_24, E=0
where:
t. = clock time, hours
E = instantaneous evaporation rate

Model Operation

The paths of. water flow through the porous pavement system are shown in
Fig.3. For each computational time ‘interval, all inflows and outflows are
accounted for. The total runoff hydrograph, in inches per computational time
interval, is either input to the model or may be computed as the sum of runoff
hydrographs from contributory areas and direct rainfall onto the pavement as
described previously.

56



NOILVHOdVAI 30 NOILVIWIXOHddY HVINONVIYL
S 3dNold

Abg jo awi]

008l 00¢l|

— ¥ L L] T — L) L 4 1 ¥

uoijowixosddy
Jo|nbuois)
uo|joiodpAg
'~ paJnsoaiy
|po1dA ] -

o'l

voijpiodpA3

(3y/°u)

57



The following sequential computational steps are ihen performed:

Evaporation losses in inches per computational time interval are
computed and subtracted from the sum of the runoff depth and
previous surface storage, if any.

The volume of runoff after allowing for evaporation is compared to
the permeability in inches per time interval of the porous pave-
ment. In general, the permeability is much greater than the inflow
runoff rate and all of the water moves into the pavement control
volume. In those cases where the permeability has been severely
reduced and is less than the runoff rate, the inflow into the
pavement and the excess is stored on the surface of the pavement
for later computation of surface runoff from the pavement.

The inflow into the pavement control volume is added to the
storage volume in the pavement and then compared to the per-
meability, in inches per computo’nonol time interval, of the base.
If the base permeability is greater than the mflow into the
pavement, then all of the flow is transferred into the base control
volume. This is true for most porous pavement systems operating
according to design. In those instances where the base per-
meability is less than the inflow volume, the inflow into the base is
computed as the vertical seepage into the base. The lateral
outflow from the pavement is also computed if an impermeable
membrane is not installed along the pavement perimeter. The
difference between the inflow into the pavement and the outflows
(vertical and lateral) from the pavement is stored in the pavement.

The inflow into the base control volume is added to the storage
volume in the base and then compared to the permeability in inches
per computational time interval, of the natural ground. If the
bottom is sealed with an impermeable membrane, then the per-
meability is set equal to zero, and no flow is lost to the natural
ground. The flow volume remaining in the base after vertical
seepage into the natural ground is compared to the drain capacity,
in inches per computational time interval. If the natural ground
permeoblll'ry and/or drain capacity are inadequate to remove all of
the flow in the base, the vertical seepage into the natural ground
and drains, as well as the lateral outflow, if any, is computed. The
difference between the inflow into the base and the outflows
(vertical and lateral) from the base is stored in the base.

All stored volumes are compared to available volumes. If storage

volume in the base is exceeded, the excess is stored in the
pavement; if storage volume in ’rhe pavement is exceeded, the
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excess is added to the surface storage on the pavement, if any
exists. Surface runoff is then computed either as broad channel
flow or weir flow from the pavement to an adjacent drainageway.

This computational procedure is repeated for every time interval in the inflow
hydrograph. The surface and drain outflows are stored in retrievable arrays. The
primary output objective is the surface runoff, if any. However, the other output
variables allow for a thorough examination of the hydraulic operational charac-
teristics of the porous pavement system, including the analysis of the desirability or
adequacy of the drains and the discharge rate from the drains.
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APPENDIX A
SAMPLE SPECIFICATIONS FOR POROUS ASPHALT PAVEMENT

The following sample specifications are presented in this report to assist the
specification writer for whom porous pavement construction is a new area of
practice. These specifications will have to be tailored to individual area needs, but
sufficient detail is provided so that only minimal changes will have to be made.
Consequently, these specifications may have to be reduced in some cases, but
precautions must be taken to assure that a contractor understands the exact scope
of work, particularly if this is the first attempt at porous pavement construction.

ITEM A:  SUBGRADE PREPARATION FOR PORQOUS PAVEMENT
A.l DESCRIPTION

The work covered by this item consists of scarifying, blading, and rolling the
subgrade to obtain a uniform texture and provide as nearly as practicable a uniform
density for the top six inches of the subgrade.

A.2 CONSTRUCTION METHODS

The subgrade shall be shaped in conformity with the typical sections shown on
the plans and to the lines and grades established by the Engineer by the removal of
existing material or addition of approved material. All unsuitable or otherwise
objectionable material shall be removed from the subgrade and replaced with
approved material. All holes, ruts and depressions shall be filled with approved
material. The surface of the subgrade shall be finished to the lines and grades as
established, and be in conformity with the typical sections shown on the plans. Any
deviation in excess of one-half (%) inch (1.27 cm) cross-section and in a length of
sixteen (16) feet (4.9 m) measured longitudinally shall be corrected by loosening,
adding, or removing material, reshaping and compacting by sprinkling and rolling if
required to attain but not exceed the density of the natural subgrade. Sufficient
subgrade shall be prepared in advance to ensure satisfactory prosecution of the
work. The contractor will be required to set blue tops for the subgrade on center-

line, m‘) quarter points and curb lines at intervals not exceeding fifty (50) feet
(15.2 m).

Material removed may be utilized in the addition of material to the subgrade
if approved by the Engineer. All other material required for the completion of the
subgrade shall also be subject to approval by the Engineer.

The type of equipment used in subgrade preparation construction shall not
cause undue subgrade compaction. Traffic over subgrade shall be kept at a
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minimum. Where fill is required, it shall be compacted to a density equal to the
undisturbed subgrade, and inherent soft spots corrected.

A.3 MEASUREMENT

All acceptable subgrade preparation will be measured by the square yard as
the area for the entire width of the roadway plus twelve inches (30.5 cm) behind
each curb for the entire length. ‘

AL PAYMENT

This item shall be paid for at the contract unit price bid for "Subgrade
Preparation for Porous Pavement," which price shall be full compensation for all
work herein specified, including the furnishing of all materials, equipment, tools,
and labor and incidentals necessary to complete the work.

Payment shall be made under:

Pay ltem No. %40: Subgrade Preparation for Porous Pavement - Per
Square Yard (m*)

-ITEM B: STONE BASE COURSE FOR STORMWATER STORAGE
B.l DESCRIPTION

"Stone Base Course for Stormwater Storage” shall consist of a foundation
course for surfacing, pavement or other base courses; shall be composed of crushed
stone or gravel, and shall be constructed as herein specified in two courses in
conformity with the typical sections shown on the plans and to the lines and grades
as established by the Engineer.

B.2 MATERIAL
The material shall be crushed as necessary to meet the requirements herein-
after specified, and shall consist of durable stone or gravel, crushed and/or screened

to the required particle size. The material shall be from approved sources.

Testing of flexible base materials shall be in accordance with the following
Texas Highway Department standard laboratory test procedures:

|} Preparation for Soil Constants and Sieve Analysis TEX-101-E

2)  Sieve Analysis TEX-110-E
3)  Wet Ball Mill TEX-116-E
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Unless otherwise specified on the plans, all base material will be stockpiled after
crushed; tested by the testing agency designated by the City of and
approved by the City of prior to being hauled to the project site.

The material, when properly tested, shall meet the following requirements:

Course Sieve Size Retained on Sieve, Percent
Stone Base Course 25" -0
" 100
Stone Top Course 5/8" 0
3/8" 100
Max. Wet Ball Mill ; 50

Unless otherwise shown on plans, the maximum increase in material passing the
Number 40 sieve resulting from the Wet Ball Mill Test shall not exceed 20.

B.3 CONSTRUCTION METHODS
() Preparation of Subgrade

The street shall be prepared and shaped in conformity with Item 240,
"Subgrade Preparation for Porous Pavement" and the typical sections
shown on plans and to the lines and grades as established by the
Engineer. The surface of the subgrade shall be finished to line and grade
as established and in conformity with the typical section shown on plans,
and any deviation in excess of % inch (0.6 cm) in cross-section and in a
length of 10 feet (3.0 m) measured longitudinally shall be corrected by
loosening, adding or removing material and reshaping. Sufficient sub-
grade shall be prepared in advance to ensure satisfactory prosecution of
the work. Material excavated in the preparation of the subgrade shall be
utilized in the construction of slopes or otherwise disposed of as
directed, and any additional material required for the completion of
slopes shall be secured from sources indicated on plans or designated by
the Engineer. Blue tops shall be set by the contractor for subgrade on

centerline, quarter points and curb lines at intervals not exceeding
50 feet (15.2 m). ‘

(2) Stone Base Course

Immediately before placing the stone base material, the subgrade shall
be checked as to conformity with grade and section.

/

The material shall be delivered in approved vehicles of a uniform
capacity and it shall be the charge of the Contractor that the required
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amount of specified material shall be delivered in each 100-foot (30.5 m)
station.

Stone base course shall be laid over a dry subgrade to the depth shown in
drawings, in lifts to lay naturally compacted. The stone base course is
not to be rolled or compacted and is to be kept clean from debris, clay,
and eroding soil.

(3)  Stone Top Course

This course is to be two inches in depth. Construction methods shall be
the same as prescribed for the stone base course. Blue tops shall be set
by the contractor for finished base grade on center-line and intermediate
points not exceeding |1 feet (3.4 m) between points at 50-foot (15.2 m)
intervals.

B.4 MEASUREMENT

"Stone B?e Course" including the "Stone Top Course" will be measured by the
square yard (m~) at depths specified in the proposal for the area of Parking Lot as
shown on the typical sections of the plans or ofherwige provided for in the contract
documents, complete iri place; by the cubic yard (m~), loose vehicle measurement;

or by the cubic yard (m®), complete in place, as indicated in the proposal.
B.5 PAYMENT

This item will be paid for at the contract unit price bid for "Stone Base
Course," which price shall be full compensation for all work herein specified,
including the furnishing, hauling, and placing of all materials, for all water required
and for all equipment, tools, labor and incidentals necessary to complete the work.

Payment will be made under:

Pay ltem No. 250-% Stone Base Course (complete in place) - Per
Square Yard (m®), or

Per Item No. 250-B: Stgne Base Course (loose vehicle measurement) -
Per Cubic Yard (m~), or

Pay ltem No. 250-C: Stone Base Course (complete in place) - Per Cubic
Yard (m~).

* This item must be verified for local requirements and site conditions.
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ITEM C: HOT MIX POROUS ASPHALT PAVEMENT ¢
C.l' DESCRIPTION

This item shall consist of a surface course as shown on the plans, composed of
a lightly compacted mixture of mineral aggregate and asphaltic material.

The pavement shall be constructed on the previously completed and approved
subgrade and stone base course as herein specified and in accordance with the
details shown on the plans.

C.2 MATERIALS

(1)

Coarse Aggregate

The mineral aggregate shall be composed of a coarse aggregate, a fine
aggregate, and if required, a mineral filler. Samples of coarse aggregate
and mineral filler shall be submitted for testing as directed by the
Engineer and approval of both material and of the source of supply must
be obtained from the Engineer prior to delivery.

(a)

Coarse Aggregate

Coarse aggregate shall be that part of the aggregate retained on
the No. 8 sieve; shall consist of clean, tough, durable fragments of
crushed stone, or crushed gravel, as hereinafter specified of
uniform quality throughout.

When the coarse aggregate is tested in accordance with Test
Method Tex-217-F* (Part |, Separation of Deleterious Material),
the amount of organic matter, clay, loam or particles coated
therewith or other undesirable materials shall not exceed two
percent and when remaining part of the sample is further tested in
accordance with Test Method Tex-127-F* (Part ll, Decantation),
the amount of material removed shall not be more than two
percent,

The coarse aggregate shall have an abrasion of not more than forty

percent loss by weight when subjected to the Los Angeles Abrasion
Test, Test Method Tex-410-A*,

Unless specified otherwise, gravel shall be so crushed that seventy-
five percent of the particles retained on the No. 4 sieve shall have

more than one crushed face when tested in accordance with Test
Method Tex-413-A* (Particle Count).
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(b)

(c)

Fine Aggregate

The fine aggregates shall be that part of the aggregate passing the
No. 8 sieve and shall consist of sand, screenings, or combination
thereof as hereinafter specified of uniform quality throughout.

Fine aggregate shall consist of durable particles, free from injur-
ious foreign matter. Screenings shall be of the same or similar
materials as specified for coarse aggregate. The plasticity index
of that part of the fine aggregate pasing the No. 40 sieve shall be
not more than 6 when tested in accordance with Test Method
Tex-106-E*. Fine aggregate from each source shall meet plas-
ticity requirements.

Where stone screenings are specified for use, the stone screenings
shall meet the following grading requirements unless otherwise
shown on plans:

Percent by Weight

Passing the %" Sieve 100
Passing the No. 200 Sieve 10-30

When authorized by the Engineer, stone screenings containing
particles larger than %" may be used but only that portion of the
material passing the 3/8" sieve shall be considered as fulfilling the
requirements for screenings when a minimum percentage of
screenings is specified for a particular mixture.

Mineral Filler

Mineral filler shall consist of thoroughly dry stone dust, slate dust,
portland cement, fly ash or other mineral dust approved by the
Engineer. The mineral filler shall be free from foreign and other
injurious matter.

When tested by Test Method Tex-200-F* (Dry Sieve Analysis), it
shall meet the following grading requirements:

Percent by Weight

Passing a No. 30 Sieve 95 to 100
Passing a No. 80 Sieve, not less than 75
Passing a No. 200 Sieve, not less than 55
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(2)

Asphaltic Material for Porous Asphalt Paving Mixture

Asphalt for the paving mixture shall be asphalt cement, viscosity grade
AC-20* and shall meet the requirements of the Item, "Asphalts, Oil and
Emulsions." The Contractor shall notify the Engineer of the source of
his asphaltic material prior to production of the asphaltic mixture and
this source shall not be changed during the course of the project except
on written permission of the Engineer.

The paving mixture shall consist of a uniform mixture of coarse

aggregate, fine aggregate, asphaltic material and mineral filler, if
required.

The grading of each constituent of the mineral aggregate shall be such as
to produce, when properly proportioned, a mixture which, when tested in
accordance with Test Method Tex-200-F* (Dry Sieve Analysis), will
conform to the limitations for master grading given below:

Percent by Weight

Passing %" Sieve 100
Passing 3/8" Sieve, Retained on No. 4 Sieve 40-65
Passing No. 4 Sieve, Retained on No. 8 Sieve - 3-35-
Passing No. 8 Sieve, Retained on No. 16 Sieve 1-20
Passing No. 16 Sieve, Retained on No. 200 Sieve 0-10
Passing No. 200 Sieve 2-5

The asphaltic material shall form from 5.5 to 6.0 percent of the mixture
by weight unless specified otherwise on the plans.

The Engineer will designate the exact grading of the aggregate and
asphalt content, within the above limits, to be used in the mixture. The
paving mixture produced should not vary from the designated grading and
asphalt content by more than the tolerances allowed herein; however,
the mixture produced shall conform to the limitations for master grading
specified above.

Percent

by Weight
Passing %" Sieve, Retained on 3/8" Sieve +5
Passing 3/8" Sieve, Retained on No, 4 Sieve +5
Passing No. 4 Sieve, Retained on No. 8 Sieve +5
Total Retained on No. 8 Sieve +5
Passing No. 8 Sieve, Retained on No. 16 Sieve +3
Passing No. |6 Sieve, Retained on No. 200 Sieve +3
Passing No. 200 Sieve +3
Asphalt Material +0.25
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Should the paving mixture produced vary from the designated grading
and asphalt content by more than the above tolerances, proper changes
are to be made until it is within these tolerances.

Samples of the mixture when tested in accordance with Test Method
Tex-210-F* shall not vary from the grading proportions of the aggregate
and the asphalt content designated by the Engineer by more than the
respective folerances specified above and shall be within the limits
specified for master grading.

C.3 EQUIPMENT

()

Mixing Plants

Mixing plants that will not continuously meet all the requirements of this
specification shall be condemned, :

Mixing plants may be either the weight-batching type or the continuous
mixing type. Both types of plants shall be equipped with satisfactory
conveyors, power units, aggregate handling equipment, aggregate screens
and bins and shall consist of the following essential pieces of equipment:

(@) Weight-Batching Type

Cold Aggregate Bin and Proportioning Device. The cold aggregate
bins or aggregate stockpiles shall be of sufficient number and size
to supply the amount of aggregate required to keep the plant in
continuous operation. The proportioning device shall be such as
will provide a uniform and continuous flow of aggregate in the
desired proportion to the plant.

Dryer. The dryer shall be of the type that continually agitates the
aggregate during heating and in which the temperature will be so
controlled that aggregate will not be injured in the necessary
drying and heating operations required to obtain a mixture of the
specified temperature.

The burner, or combination of burners, and type of fuel used shall
be such that in the process of heating the aggregate to the desired
or specified temperatures, no residue from the fuel shall adhere to
the heated aggregate.

A recording thermometer shall be provided which will record the

temperature of the aggregate when it leaves the dryer. The dryer
shall be of sufficient size to keep the plant in continuous operation.
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Screenings and Proportioning. The screening capacity and size of
the bins shall be sufficient to screen and store the amount of
aggregate required to properly operate the plant and keep the plant
in continuous operation at full capacity. Proper proportions shall
be made to enable inspection forces to have easy and safe access
to the proper location on the mixing plant where accurate repre-
sentative samples of aggregate may be taken from the bins for
testing. Separation of hot bin into compartments will not be
required providing uniform grading and asphalt content are con-
sistently produced in the completed mix.

Aggregate Weigh Box and Batching Scales. The aggregate weigh
box and batching scales shall be of sufficient capacity to hold and
weigh a complete batch of aggregate. The weigh box and scales
shall conform to the requirements of the ltem, "Weighing and
Measuring Equipment."

Asphaltic Material Bucket and Scales. The asphaltic material
bucket and scales shall be of sufficient capacity to hold and weigh
the necessary asphaltic material for one batch. If the material is
measured by weight, the bucket and scales shall conform to the
requirements of the ltem, "Weighing and Measuring Equipment."

If a pressure type flow meter is used to measure the asphaltic
material, the requirements of the ltem, "Weighing and Measuring
Equipment" shall apply. i

Mixer. The mixer shall be of the pug mill typg and shall have a
capacity of not less than 20 cubic feet (0.57 m”) unless otherwise
shown on the plans. The number of blades and the position of same
shall be such as to give a uniform and complete circulation of the
batch in the mixer. The mixer shall be equipped with an approved
spray bar that will distribute the asphaltic material quickly and
uniformly throughout the mixer. Any mixer that has a tendency to
segregate the mineral aggregate or fails to secure a thorough and
uniform mixing with the asphaltic material shall not be used. This
shall be determined by mixing the standard batch for the required
time, then dumping the mixture and taking samples from its
different parts. This will be tested by the extraction test and must
show that the batch is uniform throughout. All mixers shall be
provided with an automatic time lock that will lock the discharge
doors of the mixer -for the required mixing period. The dump door
or doors and the shaft seals of the mixer shall be tight enough to
prevent spilling of aggregate or mixture from the pug mill.
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(b)

Continuous Mixing Type

Cold Aggregate Bin and Proportioning Device. Same as for
weight-batching type of plant.

Dryer. Same as for weight-batching type of plant.

Screening and Proportioning. Same as for weight-batching type of
plant,

Aggregate Proportioning Device. The hot aggregate préporﬁoning
device shall be so designed that when properly operated a uniform
and continuvous flow of aggregate into the mixer will be main-
tained.

Asphaltic Material Spray Bar. The asphaltic material spray bar
shall be designed such that the asphalt will spray uniformly and
continuously into the mixer.

Asphaltic Material Meter. An accurage asphaltic material re-
cording meter shall be placed in the asphalt line leading to the
spray bar so that the cumulative amount of asphalt used can be
accurately determined. Provisions of a permanent nature shall be
made for checking the accuracy of the meter output. The asphalt

“meter and line to the meter shall be protected with a jacket of hot

oil or other approved means to maintain the temperature of the
line and meter near the temperature specified for the asphaltic
material.

If a pressure type flow meter is used to measure the asphaltic
material, the requirements of the Item "Weighing and Measuring

Equipment' shall apply.

Mixer. The mixer shall be of the pug mill continuous type and
shall have a capacity of not less than 40 tons (36.3 Mg metric ton)
of mixture per hour. Any mixer that has a tendency to segregate
the aggregate or fails to secure a thorough and uniform mixing of
the aggregate with the asphaltic material shall not be used. The
dam gate at the discharge end of the pug mixer and/or pitch of the
mixing paddles shall be so adjusted as to maintain a level of
mixture in the pug mixer between the paddle shaft and the paddle
tips (except at the discharge end).

Truck Scales. A set of standard platform truck scales, conforming

to the Item, "Weighing and Measuring Equipment," shall be placed

at a location approved by the Engineer.
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(2)

(3)

(%)

Asphaltic Material Heating Equipment

Asphaltic material heating equipment shall be adequate to heat the
amount of asphaltic material required to the desired temperature.
Asphaltic material may be heated by steam coils which shall be
absolutely tight. Direct fire heating of asphaltic material will be
permitted, provided the heater used is manufactured by a reputable
concern and there is positive circulation of the asphalt throughout the
heater. Agitation with steam or air will not be permitted. The heating
apparatus shall be equipoped with a recording thermometer with a
24-hour chart that will record the temperature of the asphaltic material
at the highest temperature.

Spreading and Finishing Machine

The spreading and finishing machine shall be of a type approved by the
Engineer, shall be capable of producing a surface that will meet the
requirements of the typical cross-section and a surface test, when
required, and when the mixture is dumped directly into the finishing
machine shall have adequate power to propel the delivery vehicles in a
satisfactory manner. The finishing machine shall be equipped with a
flexible spring and/or hydraulic type hitch sufficient in design and
capacity to maintain contact between the rear wheels of the hauling
equipment and the pusher rollers of the finishing machine while the
mixture is being unloaded.

The use of any vehicle which requires dumping directly into the finishing
machine and which the finishing machine cannot push or propel in such a
manner as to obtain the desired lines and grades without resorting to
hand finishing will not be allowed.

Automatic screed controls, if required, shall meet the requirements of
the Item, "Automatic Screed Controls for Asphaltic Concrete Spreading
and Finishing Machines."

Pneumatic Tire Rollers
The rollers shall be acceptable light pneumatic tire rollers conforming to
the requirements of the Item, "Rolling (Pneumatic Tire)," unless other-
wise specified on plans.
The tire pressure of each tire shall be adjusted as directed by the

Engineer and this pressure shall not vary by more than 5 pounds per
square inch (34.5 kP2, kilo pascal).
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C.h

(5)

(6)

(7)

(8)

Two Axle Tandem Roller

This roller shall be an acceptable power driven tandem roller weighing
not less than 6 tons (5.4 Mg), or more than 10 tons (9.1 Mg).

Three Wheel Roller

This roller shall be an acceptable power driven three wheel roller
weighing not more than 10 tons (9.1 Mqg).

All Equipment shall be maintained in good repair and operating condition
and shall be approved by the Engineer.

Alternate Equipment
When permitted by the Engineer, in writing, equipment other than that

specified, which will consistently produce satisfactory results, may be
used.

STOCKPILING, STORAGE, PROPORTIONING AND MIXING

(1)

(2)

(3)

Aggregate Storage

If the mineral aggregates are stored or stockpiled, they shall be handled
in such a manner as to prevent segregation, mixing of the various
materials or sizes, and contamination with foreign materials. The
grading of aggregates proposed for use and as supplied to the mixing
plant shall be uniform. Suitable equipment of acceptable size shall be
furnished by the Contractor to work the stockpiles and prevent segre-
gation of the aggregates. " :

Storage and Heating of Asphaltic Materials

The asphaltic material storage shall be ample to meet the requirements
of the plant. Asphalt shall not be heated to a temperature in excess of
that specified in the Item, "Asphalts, Oils and Emulsions." All equipment
used in the storage and handling of asphaltic material shall be kept in a
clean condition at all times and shall be operated in such a manner that
there will be no contamination with foreign matter.

Feeding and Drying of Aggregates
The feeding of various sizes of aggregate to the dryer shall be done
through the cold aggregate bin and proportioning device in such a manner

that a uniform and constant flow of materials in the required proportions
will be maintained. When specified on the plans, the cold aggregate bins
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(5)

shall be charged by use of a clamshell, dragline, shove! or front end
loader. The aggregate shall be dried and heated to the temperature
necessary to produce a mixture having the specified temperature.

Proportioning

The proportioning of the various materials entering the asphaltic mixture
shall be as directed by the Engineer and in accordance with these
specifications. Aggregate shall be proportioned by weight using the
weigh box and batching scales herein specified when the weight-batch
type of plant is used and by volume using the hot aggregate proportioning
device when the continuous mixer type of plant is used. The asphaltic
material shall be proportioned by weight or by volume based on weight
using the specified equipment.

Mixing
(@) Batch Type Mixer

In the charging of the weigh box and in the charging of the mixer
from the weigh box, such methods or devices shall be used as are
necessary to secure a uniform asphaltic mixture. In introducing
the batch into the mixer, the mineral aggregate shall be introduced
first; shall be mixed thoroughly for a period of 5 to 20 seconds, as
directed, to uniformly distribute the various sizes throughout the
batch before the asphaltic material is added; the asphaltic material
shall then be added and the mixing continued for a total mixing
period of not less than 30 seconds. This mixing period may be
increased if, in the opinion of the Engineer, the mixture is not
uniform.

(b) Continuous Type Mixer

The amount of aggregate and asphaltic material entering the mixer
and the rate of travel through the mixer shall be so coordinated
that a uniform mixture of the specified grading and asphalt content
will be produced. Checks on asphalt used shall be made at least
twice daily by comparing the asphalt used in ten loads of com-
pleted mix as shown on the asphalt recording meter and the design
amount for these ten loads. The acceptable percent of variation
between the asphalt used and the design amount will be as shown
on the plans or as determined by the Engineer.

(c) The Mixture produced from each type of mixer shall not vary from
the specified mixture by more than the tolerances herein specified.
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(d) The Surface Mlxture from eoch type of mixer will not exceed a
temperature of 260°F (127° C) and shall be specified by the
Eng lneer The temperature of the mixture will not be lower than
I80 F (82° C) when placed on the road.

C.5 CONSTRUCTION METHODS

(1

(2)

(3)

)

The surchmg mleure shall not be placed when the air temperature is
below 50° F (10° C) cnd is follmg, but it may be plcced when the air
temperature is above 40° F (4° C) and rising. The air temperature shall
be taken in the shade away from artificial heat. It is further provided
that the surfacing mixture shall be placed only when the humidity,
general weather conditions and temperature and moisture condition of
the pavement surface, in the opinion of the Engineer, are suitable.

Transporting the Surface Mixture

The mixture, prepared as specified above, shall be hauled to the work in
tight vehicles with smooth dump beds that have been previously cleaned
of all foreign material. The dispatching of vehicles shall be arranged so
that all material delivered may be placed, and all rolling shall be
completed during daylight hours. In cool weather or for long hauls,
canvas covers and insulating of the truck bodies may be required. The
inside of the truck body shall be sprayed with a non-petroleum relase
agent satisfactory to the Engineer, if necessary, to prevent the mixture
from adhering to the body.

Placing

The asphaltic mixture shall be dumped directly into the specified
spreading and finishing machine and spread on the approved prepared
surface in such a manner that, when properly compacted, the finished
surface will be smooth and of uniform texture and density. The
spreading and finishing machine shall be operated at a speed satisfactory
to the Engineer. During application of asphaltic material, care shall be
taken to prevent splattering of adjacent pavement, curb and gutter and
structures.

Compacting

(@) As directed by the Engineer, the surface mixture shall be com-
pressed lightly and uniformly with the specified rollers and/or
other approved rollers.

(b) Compaction of the surface course shall be done while the surface is
cool enough to resist the roller used. One or two passes by the
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C.6

(5)

(6)

roller is all that is required, as excess rolling could cause a
reduction in surface course porosity.

(c)  The motion of the rollers shall be slow enough at all times to avoid
displacement of the mixture. If any displacement occurs, it shall
be corrected at once by the use of rakes and of fresh mixture
where required. To prevent adhesion of the surfacing mixture to
the roller, the wheels shall be kept thoroughly moistened with a
soap-water solution. Necessary precautions shall be taken to
prevent the dropping of gasoline, oil, grease or other foreign
matter on the pavement, either when the rollers are in operation or
when standing.

Surface Tests

The surface of the pavement, after compaction, shall be smooth and true
to the established line, grade and cross-section, and when tested with a
10-foot (3.0 m) straight-edge, the maximum deviation shall not exceed
% inch (6 mm) in 10 feet (3.0 m), and any point in the surface not
meeting this requirement shall be corrected as directed by the Engineer.
The completed surface shall meet the approval of the Engineer for riding
surface finish and appearance.

After final rolling, no vehicular traffic of any kind shall be permitted on
the porous pavement until cooling or hardening has taken place, as
directed by the Engineer, but in no case less than six hours.

MEASUREMENT

(1

Ar=s<

The surfacing mixture will be measured separately by the ton of
2,000 pounds (907 kilograms, Kg) of "Asphalt" and by the cubic yard of
dry, loose "aggregate" of the type actually used in the completed and
accepted work in accordance with the plans and specifications for the
project. The volume of aggregate in the compacted mix shall be

calculated from the measured weights of the surfacing mixture by use of
the following formula:

v o W-A)
_/ Q7K

Cubic Yards of aggregate, dry, loose

Total weight of surfacing mixture in pounds (Kg)

Weight of Asphalt in pounds (Kg) 3
Unit Weight of Aggregate in pounds per cubic foot (Kg/m~)

H i uu
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The value "K" shall be the average of two or more tests determined by
the Engineer in the following manner:

At the beginning of plant operations, a specified weight of dried mineral
aggregate shall be placed in an acceptable cojﬂainer that will contain a
minimum volume of three cubic yards (2.3 m~). The aggregate shall be
leveled or "struck-off" and measureg, to determine the volume of the
mineral aggregate, in cubic feet (m”). The unit weight of the mineral
aggregate shall be obtained by dividing the specified weight of drigd
aggregate in pounds (Kg) by the measured volume in cubic feet (m~)
The value "K" is an average of two or more of the above-described tests.

The value "K" shall be ghecked a minimum of one time for each
3,000 cubic yards (2,294 m~) of mineral aggregate. If, in the opinion of
the Engineer or the Contractor's representative, the value of "K" has
changed, a check test shall be made. A new value for "K" shall be
determined if the checked value of "K" varies more than two percent
(plus or minus) from the value being used.

The weight, "W," if mixing is done by a continuous mixer, will be
determined by truck scales. The weight, if batched, will be determined
on batch scales and records of the number of batches, batch designs and
weight of "Asphalt" and "Aggregate" shall be kept.

C.7 PAYMENT

(1)

(2)

The work performed and materials furnished as prescribed by this item
and measured as provided under "Measurement," will be paid for at the
unit prices bid for "Asphalt" and "Aggregate," of the types specified,
which prices shall each be full compensation for quarrying, furnishing all
materials and freight involved; for all heating, mixing, hauling, cleaning
the existing pavement, placing asphalt-aggregate surfacing mixture,
rolling and finishing; and for all manipulations, labor, tools, equipment
and incidentals necessary to complete the work.

All templates, straight-edges, scales and other weighing and measuring
devices necessary for the proper construction, measuring and checking of
the work shall be furnished, operated and maintained by the Contractor
at his expense.

* This item must be verified for local requirements and site conditions.
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